Aim: To examine the cross-sectional and longitudinal convergent and discriminant validity and the sensitivity to change of the Hughston Clinic Knee Questionnaire (HCQ) in young adults with meniscal repair.
IntRoduCtIon
Meniscal lesions are a common source of functional limitations in young physically active individuals and after a meniscal surgery, functional limitations can be substantial -particularly in the short-term period [1] [2] [3] . Although a number of self-report outcome measures have been used to evaluate the functional status of patients who have undergone a meniscal repair 2, 3 , the construct validity of the Hughston Clinic Knee Questionnaire (HCQ), as applied specifically in the meniscal repair population, are currently unknown. Despite this, some researchers 4, 5 have favoured the HCQ for the following reasons: (i) the HCQ enquires about physical actions and tasks which span a wide range of difficulty (from turning over in bed to pivoting while running); (ii) the HCQ includes assessment of pain, swelling, and other physical impairments which are important to patients with knee injuries; (iii) the HCQ questions are easily understood; and (iv) the HCQ scores have good reliability 5 .
For these reasons, we sought to provide more information about the validity of the HCQ, when applied in the early recovery phase following an arthroscopic meniscal repair. Our study has 2 aims: first, to determine the convergent and discriminant validity of the HCQ; and second, to determine the sensitivity to change of the HCQ scores and to use the sensitivity to change estimates to estimate the sample size required for future head-to-head studies.
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PAtIEnts And MEtHods Patients
The study sample comprised a prospective cohort of young physically active adults who fulfilled the eligibility criteria. Patients were recruited if they were between 18 and 40 years of age and if they underwent an uncomplicated arthroscopic meniscal repair. Participants were excluded if they had bilateral lower extremity injuries that required medical attention or if they had any neurological or medical conditions that affected their physical function. The study was approved by the local research ethics committee, and each participant gave informed consent.
study Procedure and design
All patients participated in 2 evaluation sessions: within 1 week post-surgery (hereafter known as the immediate post-operative session) and 6 weeks post-surgery (hereafter known as 6-week follow-up). During the evaluation session, each participant completed the HCQ and the Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36). The order of the 2 questionnaires was randomised to ensure the response to each questionnaire was not biased by its position. Because the aim of this present study was not to determine the effectiveness of the rehabilitation program, we will briefly describe the rehabilitation programme. Post-operatively, all patients were permitted to be partially weight-bearing and they participated in a progressive programme of range of motion, strengthening exercises, and balance training. Depending on the nature and site of the meniscal repair, patients were also educated about the appropriate post-operative movement restrictions.
A construct validation process was applied to the HCQ because no known gold standard exists for lower-extremity functional status 6, 7 . Specifically, cross-sectional convergent validity was examined by assessing the extent to which the HCQ scores, obtained at the 6-week followup, were associated with the physical function subscale of the SF-36. We elected to focus only on the 6-week follow-up scores because we anticipated a restricted range in questionnaire scores obtained at the immediate post-operative period. Longitudinal convergent validity was examined by assessing the aforementioned correlations using change scores of the HCQ and the SF-36.
With respect to discriminant validity, the underlying premise was that a given measure should correlate more highly with a measure that is designed to assess a similar attribute than with a measure that is designed to assess a different attribute 6 . Accordingly, cross-sectional discriminant validity is demonstrated if the HCQ change scores correlate more closely with the physical function subscale than with the bodily pain subscale of the SF-36. Longitudinal discriminant validity was examined by assessing the aforementioned correlations using change scores of the HCQ and the SF-36.
Instruments

SF-36
The SF-36 is a generic questionnaire designed to measure health-related quality of life in general and specific populations 8, 9 . The SF-36 comprises 36 items relating to 8 subscales of health, of which only the SF-36 bodily pain and physical function subscales were used in this study. Each subscale ranges from 0 to 100, with higher scores representing better health states. Accordingly, higher SF-36 bodily pain subscale scores represent less pain. In this study, we used the SF-36 version 1 which directs participants to consider the previous 4 weeks for the bodily pain subscale. However, items in the physical function subscale indicate the present time.
HCQ
The HCQ is a 28-item knee-specific questionnaire which enquires about the patients' perception of their knee condition 10 (See Appendix I). Each item of the HCQ is scored on 10-cm visual analogue scale with a descriptor on each end of the horizontal line. Ten of the 28 questions had the added options for choosing "not attempted because of my knee injury" and "not attempted because of other reasons besides my knee injury." When the first option was chosen, a value of 10 was assigned; when the second option was chosen, the question was deleted from the analysis. The HCQ score was computed by summing up the scores of the questions answered and converting this to a percentage, with higher scores representing poorer knee function. Accordingly, an uninjured knee would have a score of 0%. In this study, we used the HCQ which was adapted to British English by Morrissey et al 4, 11 . Furthermore, because the HCQ scale orientation is opposite to the 2 SF-36 subscales, we reversed the HCQ scale orientation so that an uninjured knee would have a score of 100%.
statistical Analysis
Cross-sectional and longitudinal convergent validity was examined by correlating the HCQ with the SF-36 physical function scores by use of the Spearman rank correlation coefficients. Spearman rank correlation coefficients were used because the distributions for the HCQ and SF-36 scores were non-normal. For the HCQ, cross-sectional and longitudinal discriminant validity was examined by contrasting its correlation with the SF-36 physical function subscale with its correlation with the SF-36 bodily pain subscale. Because we know of no direct calculation for the variance of the difference in Spearman coefficients, these coefficients were statistically compared using a bootstrapping procedure -a statistical technique in which observations from the original dataset are randomly sampled with replacement to derive the sampling distribution of the test statistics 12, 13 . In the context of our study, the sampling distribution of the difference in the HCQ correlation coefficients was constructed by generating 1,000 bootstrap samples. In each bootstrap sample, by subtracting the HCQ-SF-36 bodily pain correlations from the HCQ-SF-36 physical function correlations, positive values would indicate that the HCQ correlated more closely with SF-36 physical function than with SF-36 bodily pain and hence, indicate the presence of discriminant validity. Next, the bootstrapped samples were rank-ordered, and the 90% CI was delineated by the 5th and 95th percentiles.
We assessed the sensitivity to change of the HCQ and the SF-36 physical function subscale using the standardised response means (SRM). We chose the SRM to assess sensitivity of change because our sample represented a relatively homogenous group of patients who were expected to change by approximately the same amount over the study period 14 . The SRM was derived by dividing the mean of the change scores by their standard deviation. We compared the SRMs between the 2 measures using the bootstrapping procedure described previously. Sample size calculations are based on the following formula for paired observations: Table 1 summarises the patients' descriptive characteristics. Table 2 provides the descriptive statistics for the self-report measures. Seventeen patients completed the questionnaires and their mean age was 24 years (SD 5); only 2 (12%) patients were female. All except one patient were national service personnel and all patients were premorbidly physically active. The median duration of meniscal injury was 5 months. Table 3 shows the cross-sectional and longitudinal correlations amongst the HCQ and SF-36 measures.
REsuLts
Participants
Convergent and discriminant Validity
Cross-sectional and longitudinal convergent correlations coefficients between the HCQ and the SF-36 were 0.84 and 0.73, respectively. With regard to discriminant validity, neither cross-sectional nor longitudinal discriminant validity from pain measures was evident for the HCQ. Specifically, cross-sectional correlation between the HCQ and SF-36 physical function subscale was not statistically higher than the correlation between the HCQ and SF-36 bodily pain subscale (average difference in Spearman coefficients, 0.07; 90% CI, -0.13 to 0.29); so it was for the longitudinal coefficients (average difference in Spearman coefficients, 0.24; 90% CI, -0.04 to 0.61).
sensitivity to Change Table 4 shows the SRMs of the 2 measures. The SRM for the HCQ was ~2-fold greater than that for the SF-36 physical function subscale (1.56 versus 0.76), and this difference was statistically significant (P 1-tailed = 0.001). Given the plethora of self-report knee measures, we chose to perform a one-tailed test because for the HCQ to merit further consideration, we must show that the psychometric properties of the HCQ were substantially superior to those of the SF-36.
sample size Estimation for Future Head-tohead Comparison studies
Based on the point estimates generated in this study, a sample of approximately 76 patients is necessary to test the hypothesis that the SRM of the HCQ is 0.10 greater than that of the SF-36 physical function subscale. Specifically, in this estimation, Z α and Z β were 1.64 and 0.84, respectively, based on a Type I and Type II error rate of 0.05 (one-tailed) and 0.20 respectively. From the 1,000 bootstrap samples, σ was estimated to be 0.35. Finally, the proposed SRM difference between the 2 measures was conservatively set as 0.10 to ensure that future studies are adequately powered to detect what we believed to be a meaningful difference.
dIsCussIon
The goal of this study was to examine the construct validity and sensitivity to change of the HCQ in Table 3 . Cross-sectional and longitudinal validity correlation coefficients (95%CI) (N=17)*. a sample of young physically active adults who underwent meniscal repairs. Our first goal was to determine the cross-sectional and longitudinal convergent and discriminant validity of the HCQ. Our results suggest that the cross-sectional and longitudinal convergent correlations coefficients were moderate to strong, according to Cohen's classification 15 . With respect to discriminant validity, our cross-sectional and longitudinal results suggest that the HCQ did not demonstrate discriminant validity from pain measures -that is, the HCQ did not show a statistically higher correlation with the PF subscale than with the bodily pain subscale of the SF-36.
Reviewing the literature, our convergent validity results are consistent with those of Hoher and colleagues, who reported moderate to strong associations (0.69 to 0.90) of the HCQ scores with the Lysholm and the Cincinnati knee scores in a mixed sample of patients undergoing arthroscopic menisectomy and anterior cruciate ligament reconstruction 5, 16, 17 . Our results also agree with those of Hooper et al 4 , who reported a modest to moderate relationship between HCQ and biomechanical measures of the knee during stair climbing and walking in 37 patients with anterior cruciate ligament reconstruction. Because validity is population specific rather than an inherent instrument property, our results extend previous findings to include a group of patients with meniscal repair.
Before discussing our results for discriminant validity, it seems reasonable to question the underlying premise for discriminant validity in this study presumably because pain and physical function are not strictly orthogonal concepts -a fact that we do not dispute. And yet, to the extent that purveyors of joint-specific and generic questionnaires have produced separate scales for pain and physical function, the implicit premise is that pain and physical function are distinct (but overlapping) concepts. Accordingly, we believe our present analyses permit a more robust exploration of discriminant validity than would have occurred in other validation studies where SF-36 subscales other than the bodily pain subscale were examined 1 . Turning to our results, although our study is the first, to our knowledge, to suggest that the HCQ lacked discriminant validity from pain measures, this finding is not earth-shattering as it echoes previous analyses -reported on patients with lower extremity osteoarthritis or upper extremity conditions -suggesting that self-report measures of function can be very closely (or even spuriously) associated with pain measures [18] [19] [20] [21] [22] [23] .
How do we explain our findings? In the first place, inasmuch as the HCQ contains at least 5 questions pertaining to knee pain or discomfort (Questions 1, 2, 21, 25, and 27; Appendix I), one may argue that the close association between the HCQ and the SF-36 bodily pain subscale is nothing more than a statistical phenomenon. If this is the case, we would expect the SF-36 bodily pain subscale to correlate more closely with the HCQ than with the SF-36 physical function subscale -a subscale which does not overtly enquire about pain. Yet, as Table 3 shows, quite the opposite is true: the point estimates of correlations indicate that the SF-36 bodily pain subscale correlated more closely with the SF-36 physical function subscales than with the HCQ -both cross-sectionally and longitudinally. Accordingly, perhaps a more general (and plausible) explanation is that patients have a multifaceted interpretation of their perceived difficulty with functional activities and hence, it is likely for pain (and other factors) to strongly influence their responses 18 .
Our second goal of this study was to examine the sensitivity to change of the HCQ and to compare it with that of the SF-36 physical function subscale.
The SRM results suggest that the HCQ was superior to the SF-36 in detecting change over a 6-week period after a meniscal repair (Table 4) , and this finding may be attributable to several factors. At the simplest, sensitivity to change favours the HCQ because the HCQ is knee-specific whilst the SF-36 is generic. As mentioned in the Introduction, the HCQ enquires about physical activities which span a wide range of difficulty (from turning over in bed to pivoting while running) and hence, its complete (or near complete) content validity is likely to wield a positive influence on the SRM estimates.
On the other hand, a less sanguine perspective is that because the HCQ comprises items pertaining to both body structure and function impairments (e.g. pain, swelling, stiffness, grinding) and activity limitations 24 , the higher SRMs observed in the HCQ may reflect the fact that physical symptoms e.g. knee effusion or stiffness were resolving quickly, rather than the fact that the patients were substantially better at executing a physical task or action. Supporting this, BarberWestin et al reported on 250 patients with anterior cruciate ligament reconstruction who were followed up for 2 years and the authors found that the SRM was twice higher for the "symptoms" subscale than for the "activities of daily living function" 17 . Thus, if our second conjecture holds true, it would mean that the SF-36 physical function subscale -the instrument that appeared to be less sensitive to change -may be the more valid measure of physical function as it was less influenced by participants' physical impairments. Unfortunately, we did not include measures of physical performance (e.g. hopping tests) in this study which would have allowed us to disambiguate the conflicting interpretations of our findings.
Our study has implications. First, the lack of discriminant validity of the HCQ and the SF-36 argues for the inclusion of performance measures of function in patient assessment so that the researcher or the clinician can gain a more comprehensive picture of the patient's lower extremity functional status. Second, researchers who are interested to formally (statistically) compare the HCQ with other knee questionnaires could use the SRM coefficients and the statistical formulae reported in this study during the planning phase of their studies.
Our study has limitations. First, our sample size was small, although against this we used a homogenous sample and we used robust statistical techniques to improve the interpretation of our data. Nevertheless, we acknowledge that larger sample sizes are clearly needed to refine our validity estimates. Second, as mentioned earlier, we did not study a complete corpus of physical performance measures which would have allowed us to better clarify the aetiology of our findings. Third, we do not have information regarding the meniscal repair techniques which our patients have undergone and it is plausible that the psychometric properties of the questionnaires may vary across techniques.
ConCLusIon
In conclusion, our study suggests that when the HCQ was evaluated with respect to validity and sensitivity to change in a group of young adults with meniscal repairs, the HCQ showed convergent validity with the SF-36 physical function subscale but it lacked discriminant validity from the SF-36 bodily pain subscale. Although sensitivity to change favoured the HCQ compared with the SF-36, larger sample sizes and the inclusion of physical performance measures of function are needed to establish and explain our findings in a convincing way. Accordingly, in the interim, we caution against the unbridled enthusiasm for the use of the HCQ.
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